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Induction and inhibition of germinal vesicle breakdown (GVBD) were examined 
in the oocytes of the oyster, Crassostrea gigas. The oocytes discharged by dissecting 
the ovary were at the germinal vesicle stage. GVBD proceeded only by suspending 
the oocytes in sea water, but the percentage of GVBD varies in batches. GVBD was 
promoted in ion-defective media, such as Na-free, K-free, Ca-free and Ca, Mg-free sea 
waters, but inhibited in acid sea water (pHs 4-6.5). GVBD was induced with 
serotonin (more than 1 ,uM) even in acid sea water. After GVBD the oyster oocytes 
were arrested at the fii'st metaphase of meiosis. The metaphase I oocytes could be 
normally fertilized and developed by insemination. 
Oyster oocytes obtained directly by dissecting ovaries have the germinal vesicle. 
By insemination they appear to be fertilized and then undergo meiotic maturation. 
When the oocytes having the germinal vesicle (GV oocytes) are placed in sea water, 
the germinal vesicle often disappears without insemination. Thus, it is a problem 
whether the spermatozoa enters into the oocytes before or after GVBD. Prior to 
analyzing this problem the author conducted to control GVBD in vitro. 
Oyster oocytes are said to be spawned at the germinal vesicle stage or in/after 
GVBD (LONGO, 1983; WADA and ARAKAWA, 1983). The spawning is artificially 
induced by the injection of serotnin, a neurotransmitter (MATSUTANI and NoMURA, 
1982). Using the serotonin method, the author examined the structure and the 
fertility of spawned oocytes. 
MATERIALS AND METHODS 
Handling of gametes 
The oyster, Orassostrea gigas, were collected around the Marine Biological 
Station, Asamushi, Aomori, and kept in running sea water tanks. Oocytes were 
obtained by dissecting ovaries in ordinary sea water (pH 8.3) or acid sea water (pH 
5-6). The oocytes were sedimented with a hand centrifuge and the supernatant was 
aspirated off. The oocytes were washed three or four times with fresh sea water. 
When the oocytes were washed with ordinary sea water, some of them underwent 
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GVBD. To avoid the spontaneous GVBD by the exposure to sea water the oocytes 
must be washed with acid sea water (see the experiments). 
A rtific:ial induction of spawning 
After the removal of the right shell, 0.5 ml of artificial sea water containing 1 
mM serotonin (5-hydroxytryptamine) creatinine sulphate complex (Sigma Chemical 
Co.) \Yas injected into the visceral mass. The injected specimens were placed in 
glass vessels containing fil tered sea water at room temperature (24° - 30oC ). 
Solutions 
Natural sea \Yater was used after the filtration through filter paper, Toyo-roshi 
No. 2. Artificial sea \Yater wa,s prepared according to modified HERBST's procedure 
(OSANAI, 1975). Na-free sea water and K-free sea water were prepared by substitut-
ing choline chloride for NaCl and NaCl for KCl, respectively. Bivalent cation-free 
sea water \\·as prepared by replacing CaCl2 by NaCl and MgSO. by Na2SO.. Sea 
waters "·ith various pHs \Yere obtained by the addition of di luted HCJ. 
Cytology 
To observe cytologically meiotic change, oocytes were fixed in CARNOY's 
ethanol acetic acid (3: 1) or BouiN's solution. The specimens fixed in CARNOY's 
solution \\·ere stained "·ith lacto-aceto-orcein overnight and then decolored with 45% 
acetic acid. The oocytes fixed in BouiN's solution were mounted in glycerin after 
the rinsing "·ith 80% ethanol and examined "·ith a differential interference micro-
scope . 
ExPERIMENTS 
A rtific:ial induction of spawning with serotonin 
Soon after serotonin injection, oocytes began to be discharged from the opening 
of the genital ducts. The oocytes discharged \Yithin several minutes after injection 
had the germinal vesicle. All oocytes discharged more than ten minutes after 
inj ection had undergone GVBD. Meiosis seemed to begin prior to spawning except 
in oocytes squeezed out immediately after serotonin injection. The spawned 
oocytes seemed to remain at the first metapha,se of meiosis (the metaphase I ) (Fig. 1 ). 
These oocytes "·ere collected and inseminated in ordinary sea \Yater. Almost all of 
them (98%) \Yere fertilized and developed normally. This result suggests that the 
oysters spa\\·n oocytes at or after GVBD and the oocytes receive sperm at the 
metaphase I in naturl field . 
I n vitro i11duct1:on of GrBD 
Spisula solidissima oocytes are spa\Yned at the GV stage and undergo GVBD 
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F ig. l. Crassotrea gigas oocytes before and after germinal vesicle breakdown. a, 
b : Oocytes obtained by dissecting the ovary. c, d : Oocytes discharged by 
the injection of serotonin . The bar indicates 50 ,um. 
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after fertilization (ALLEK , 1953). The GVBD is artificially induced with serotonin 
(HIRAI et al., 1984). Thus, it \Yas examined in GV oocytes obtained from dissected 
onuies \\·hether GVBD \\·as induced in vitro. 
The oocytes \\'ere incubated in sea water containing serotonin and GVBD was 
scored in living oocytes or in specimens fixed in 10% formalin in sea water. GVBD 
occurred in the oocytes incubated in ordinary sea \Yater, but it's percentages "·ere 
nuious in batches (15-98%, Table 1). The percentage of GVBD increased in sea 
\Htter containing more than 1 ,uM serotonin. About 100% of oocytes lost the 
germinal vesicle af ter the incubation in l ,uM serotonin for 20 minutes (Fig. 2). 
The final percentage of GVBD \Yas higher in the serotonin treatment (Fig. 2a) 
than in the control (Fig. 2b). Ho,Yever, the time spent to the maximum percentage 
did not differ bet\\·een the experiment and the control. The kinetics of GVBD 
showed that the GVBD began about 10 minutes after incubation and reached a 
maximum ndue by 20-30 minutes after incubation. 












Germinal vesicle breakdown of Cmssostrea gigas oocytes 
in ion-defective sea water 
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Fig. 2. Kinetics of GVBD. T"·o examples are sho,,·n. a : in sea ,,·ater (pH 8.3) 
containing 1 ,um serotonin. b: in ordinary sea ,,·at.er (pH 8.3). 
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Fig. 3. Metaphase I oocytes. The oocytes \\"ere incubated in sea water (a) or sea 
,,·ater containing 1 ,u M serotonin (b) fo r 1 hour. Fixed in CAROKY's ethonl-
acetic acid. Stained \Yith lacto-aceto-orcein. The atTO\YS indicate meiotic 
chromosomes. The bar sho\YS 10 ,urn. 
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The variety may be attributed to the difference of hormonal influence in the ovary 
(see the discussion) 
The cytological exam inat ion showed that the oocytes incubated in sea water 
"·ith or \Yi thout serotonin for 1 hour remained at the first metaphase of meiosis (Fig. 
3). This find ing indicates that the meiosis of oyster oocytes is arrested at the 
metaphase I after GVBD. 
The time course of meiosis by insemination and by serotonin -treatmen t 
Fertilization stimulates oocyte maturation. To observe the meiotic change of .,. 
the egg nucleus, oocytes ''"ere fixed at various intervals after insemination or after 
the incu bation in sea "·ater containing 1 ,u M serotonin. No significant difference in 
the time course of GVBD \Yas detected bet,,·een the inseminated and the serotonin-
treated (Fig. 4) . The oocytes began to break about 5 minutes after insemin ation or 
serotonin-incubation. After 10 minutes, the germinal vesicle disappeared complete-
ly and the meiotic asters and spindle "·ith condensing chromosomes appeared. The 
oocytes "·ere at the first metaphse of meiosis at 15 minutes. In the ferti lized 
oocytes, the chromosomes separated to\Yard the poles after 20 minutes and extruded 
the first polar body after 30 minutes. HO\Yever, the serotonin-treated oocytes "·ere 
at the metaphase I after 30 minutes. 
Effect of external ions on GVBD 
Some part of oyster oocytes obtained by dissecting ovary undenYent GVBD 
only by being exposed to ordinary sea water. In some pelecypods, it is knO\m that 
specific cations, such as K + and Ca++, relate to egg activation or the initiation of 
GVBD (ALLE N, 1953 ; ScHUETZ, 1975 ; DuBE and GuERRIER, 1982) . To examine 
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Fig. 4. Time course of meiotic division of oyster oocytes by insemination or 
serotonin-treatment. The oocytes were inseminated in ordinary sea water or 
incubated in sea water contu.ining 1 ,uM serotonin. Parenthesized numbers 
show the percentages of GVBD. 
whether some of ions constituting sea water relate to GVBD, GV oocytes were 
incubated in artificial sea water lacking Na+, K+, Ca++ or Ca++ and Mg++, and 
GVBD was scored after 55-88 minutes. GVBD proceeded in all of the ion-defective 
media examined. The percentage of GVBD was larger in ion-defective sea water 
than in ordinary sea water. This result indicated that the defection of one 
monovalent cation or bivalent cations does not prevent GVBD, but promtoes. The 
influx of specific cation(s) seems to be unrequested for the initiation of GVBD. 
Effect of pH on GVBD 
Bamea candida oocytes are artificially activated by NH,CI independent of 
external Ca++ concentration (DuBE and GuERRIER, 1982). This fact suggests that 
the increase of intracellular pH induces GVBD. The suggesion led me to examine 
whether spontaneous GVBD could proceed in acid sea water. The GV oocytes were 
placed in sea water with various pHs. GVBD was scored after the incubation for 
1-2 hours. The GVBD proceeded in alkaline media (higher than pH 7), but did not 
in acidified sea water lower than pH 6.5 (Fig. 5). 
It was examined whether serotonin induced GVBD in acid sea water. GV 
oocytes were incubated in ordinary sea water (pH 8.3) or acid sea water (pH 5.4) 
with or without 1 pM serotonin. The results of two cases which were lower and 












Fig. 5. Effect of pHs on GVBD. GVBD wa.s counted after 108-122 minutes in 
A, 62-72 minutes in B and 113-125 minutes in C. 
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higher ones of spontaneous GVBD, are shown in Fig. 6. The germinal vesicle 
disappeared in oocytes incubated in acid sea water with serotonin, but did not in 
acid sea water without serotonin. The addition of 1 pM serotonin did not change 
the pH of acid sea water. This result shows that serotonin induced GVBD even in 
acid sea water in which spontaneous GVBD is inhibited. 
DISCUSSION 
The spawning of scallops and oysters is induced by the injection of serotonin, a 
neurotransmitter (MATSUTANI and NOMURA, 1982). The histochemical examination 
by MATSUTANI and NoMURA (1984) suggests the presence of serotonin in the accessory 
ganglia, the cerebral ganglion, the gonad and the gonoduct of the scallop. It is not 
ascertained in oysters whether serotonin is a neurohormone triggering oocyte 
maturation. The finding that serotonin induces GVBD in acid sea water suggests 
that serotonin or similar neurosubstance triggers GVBD in the ovary. 
When ovarian oocytes are subjected to a maturation-stimulating factor, they 
seem to begin a change toward GVBD. A small number of metaphase I oocytes are 
observed in oocytes obtained by dissecting the ovary. However, the majority of 
ovarian oocytes have the intact germinal vesicle. The proceeding of GVBD requires 
other factor(s), such as the ovulation into the gonoduct or the exposure to some 
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Fig. 6. Promotion of GVBD with serotonin. A and B differ in batch. f: 
ordinary sea water (pH 8.3) containing l.uM serotonin. b: in ordinary sea 
water (pH 8.3). c: in acid sea water (pH 5.4) containing l.uM serotonin. d: 
in acid sea water (pH 5.4). 
external conditions. The promotion of GVBD in ion-defective media suggests that 
the removal of an inhibitor from the oocytes helps the proceeding of GVBD. 
Starfish oocyte maturation is induced with 1-methyladenine, maturation-
inducing substance secreted from follicle cells (KANATANI, 1983). In starfish (Aster-
ias forbesi) oocytes with follicle cells isolated from the ovary, spontaneous matura-
tion is inhibited in acid sea water, but undergone with the addition of !-methyl-
adenine (CLOUD and SCHUETZ, 1976). The similarity suggests that serotonin may 
be a natural maturation-inducing factor in pelecypods. However, oyster oocytes 
differ from starfish oocytes in the metaphase I arrest of meiosis and in GVBD in 
Ca-free sea water. Further studies on oyster oocyte maturation seem to supply 
interesting data for the comparative analysis of egg maturation. 
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